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Imports, Exports, Dollar Exposures, and Stock Returns
With increasing global market integration, a firm's performance depends on not only the domestic market fluctuations but also the international market conditions. Researchers often regard exchange rate fluctuation as a metric for changing international market conditions and believe that its fluctuation has direct impacts on the functioning and profitability of a firm. What are not so clear are the fundamental determinants and asset pricing implications of the relation, as embedded in the following three questions:
(1) How does a firm's share value fluctuate with the exchange rate? (2) What are the fundamental drivers of the relation? (3) How do investors price the stocks differently for firms with different exchange rate exposures?
In this paper, we answer the three questions in light of the experience of US industries. First, to quantify the relation between exchange rate fluctuation and the stock performance of different industries, we regress the stock returns for each industry against the returns on a broadly defined dollar index. We say that an industry in the US has positive dollar exposure if its stock return increases with the appreciation of the dollar and that its dollar exposure is negative if the stock return decreases with dollar appreciation.
Our estimation results show that the dollar exposure estimates vary widely across different industries in both magnitudes and directions. For example, industries under the title of "boot and shoe cut stocking," 'steel investment foundaries," and "space vehicle equipment" generate highly negative dollar exposure estimates. Stock returns in these industries tend to decline when the dollar appreciates. On the other hand, industries under "household refrigerator and freezer" and "men's and boy's underwear " generate highly positive dollar exposures. Stock returns in these industries tend to rise with dollar appreciation. The dollar exposure estimates also vary greatly within the same broad sector classification. For example, while space vehicle equipment under the defense sector generates highly negative exposure estimates, the "ordnance and necessary accessories" industry under the same defense sector generates highly positive exposures.
The large cross-sectional variation in dollar exposure among US industries leads us to the second question: Can we trace the different dollar exposure of each industry to the roots of its business fundamentals?
As in extant literature, 1 we believe that international trade is an important economic fundamental that lies at the heart of exchange rate exposures. A firm with no direct or indirect international trading activities shall have little exposure to exchange rate fluctuation. However, deviating from the literature, we argue 1 Examples include Jorion (1990) , He and Ng (1998) , Griffin and Stulz (2001) , and Dominguez and Tesar (2001, 2006) . that it is not the aggregate international trade activity that determines the currency risk exposure. It is the imbalance of the trade that generates currency exposure. A firm can undergo large quantities of international trades while maintaining little currency exposure if the firm can balance its imports with its exports.
Simply put, import-and export-oriented companies should have quite different currency exposures. When left unhedged, these different exposures can show up in stock returns. To test this hypothesis, we regress cross-sectionally the dollar exposure estimates of each industry against the logarithm of the industry's imports volume and the exports volume, each normalized by the market capitalization of the industry. The regression identifies a significantly positive linkage with imports, but a significantly negative linkage with exports. On average, dollar appreciation helps the stock performance of import-oriented companies, but hurts the stock performance of export-oriented companies.
Our cross-sectional regression results make economic sense. Dollar appreciation makes US exports more expensive and hurts the demand for exports. Reduced demand hurts the sales and thus profitability of the exporting company. On the other hand, dollar appreciation reduces the cost of imports (Campa and Goldberg (2005) ) and therefore increases the profitability of an import-oriented company. The different impacts on profitability can show up in stock returns and generate the negative exposure estimates for exporting companies and positive exposure estimates for importing companies.
Understanding the fundamental sources of the currency exposure is important by itself. In this paper, we go one step further and show that the identified linkage can be used to further enhance the estimation accuracy of the dollar exposure for each industry. With the enhanced identification of the dollar risk exposure, we can also sharpen our answer to the third question and obtain a more significant estimate on the market risk premium for the dollar risk exposure. Specifically, we propose to use a weighted average of imports, exports, and the dollar exposure estimates from the stock returns to define an enhanced dollar exposure. We use this enhanced dollar exposure to predict the stock returns based on cross-sectional regressions, while controlling exposures to other commonly identified stock market risk factors. The weighting coefficients for the enhanced dollar exposure are estimated by maximizing the likelihood of the predicting errors. Then, the time series average of the cross-sectional regression slope on the dollar exposure measures the average dollar exposure risk premium. We find that incorporating the information in imports and exports helps us generate a more significant risk premium estimate on the dollar exposure.
The average risk premium on the enhanced dollar exposure is significantly negative. The negative estimate suggests that on average, import-oriented companies generate lower returns than export-oriented companies. When we form stock portfolios ranked by the enhanced dollar exposure, the average return spread between high-and low-dollar exposure portfolios is also significantly negative. Furthermore, when we study the time variation of the dollar risk premium, we find that the dollar risk premium varies with the business cycle and becomes more negative during recessions than during expansions.
Intuitively, our finding on the negative dollar risk premium suggests that dollar appreciation represents an adverse movement for the US economy. Since import-oriented companies benefit from dollar appreciation, these companies act as natural hedges against the dollar risk exposure. As a result, investors are willing to accept a lower expected return on these import-oriented companies. The variation of the risk premium with the business cycle further suggests that either the risk level or the risk aversion against dollar exposure becomes larger during recessions than during expansions.
The rest of the paper is organized as follows. The next section reviews the literature that forms the background of our study. Section II describes the data. Section III estimates the dollar risk exposure.
Section IV studies sources of dollar risk exposure. Section V enhances the identification of the dollar exposure using the import and export information, and estimates the risk premium on the enhanced dollar risk exposure. Section VI performs robustness analysis by controlling for additional risk factors in other financial markets. Section VII concludes.
I. Background
Identifying the currency exposure of different firms, industries, or economies has been a perennial topic in the academic literature. For example, Jorion (1990) examines 287 US multinationals during 1981-1987 and finds 15% of the firms to have significant exposures. Bodnar and Gentry (1993) examine industries from the US, Canada, and Japan during 1979-1988 and find that 20% to 35% of the industries have significant currency risk exposures. Amihud (1994) examines 32 large US exporting firms during 1982-1988 but finds no significant currency exposure. Allayannis (1997) analyzes the time variation of the exchange rate exposure of US manufacturing industries from 1978 to 1986. He finds that the level of industry aggregation at which the exposure is examined matters: Significant exposure at the four-digit SIC level is often masked at the more aggregate two-digit level. Allayannis and Ihrig (2001) analyze the exchange rate exposure of US manufacturing industries and find that 4 of 18 industry groups are significant exposed to exchange rate movements. They find that on average, a 1% appreciation of the dollar decreases the return of the average industry by 0.13%. Dominguez and Tesar (2001, 2006 ) examine a set of non-US industrialized countries over the period 1980-1999 and find large cross-country differences. They find that a large fraction of Japanese firms have exposures to weekly movements in exchange rates, but Chilean firms show very weak exposures.
It is understandable that different firms, industries, or economies have different currency exposures. In the US, we find that the dollar exposure estimates vary greatly across different industries while the average dollar exposure across all industries is close to zero. Interestingly, earlier studies often try to select a more homogeneous sample, e.g., firms with large international business exposures and large exports, in the hope of obtaining more uniform currency exposure estimates. In this paper, we do not shun away from the cross-sectional heterogeneity in currency exposure. Instead, we regard it as a natural outcome of the heterogeneity in business operations and, more importantly, a key information source for identifying the market price of currency risk.
When examining the fundamental sources of currency exposures, many studies direct their attention to the "openness" of a firm, an industry, or an economy. Jorion (1990) uses the share of foreign sales in total sales as a measure for openness and find that the currency exposure is significantly positively related to the share of foreign sales. Griffin and Stulz (2001) examine the hypothesis that industry competitiveness across countries is an important explanation for exchange rate exposure, but they do not find supporting evidence among US industries. Dominguez and Tesar (2006) use the aggregate bilateral trade flows with the US as a measure of openness for the non-US industrialized countries. They find only a weak link between the openness measure and the exchange rate exposure. He and Ng (1998) find that high exchange rate exposure is related to high exports for Japanese multinationals.
In this paper, we argue that it is not the aggregate openness that matters for currency risk exposure. It is the direction or imbalance of openness that generates currency exposure. A firm can be very open in terms of international trade, but can still show minimal currency exposure by balancing its imports with its exports. Furthermore, an import-driven firm and an export-driven firm may both have strong currency exposures, but their exposures are unlikely to be in the same direction. Our empirical findings confirm our conjecture and show that import-oriented US firms tend to react positively to dollar appreciation whereas export-oriented companies tend to react negatively. In related works, Allayannis (1997) finds that the time variation of the dollar exposure in an industry is related positively to the variation of the industry's share of imports but negatively to the variation of the industry's exports share. Campa and Goldberg (1999) show that investment responsiveness to exchange rates varies positively with respect to sectorial reliance on exports and negatively with respect to sectorial reliance on imports.
We do not stop at finding the dollar risk exposure and relating the cross-sectional variation in the exposure to the industry's differences in the average imports and exports activities. Instead, we make use of this finding to further enhance the identification of the dollar risk exposure. Since both imports and exports contain information about the dollar exposure, we propose to exploit the information to reduce the noise in the dollar exposure estimates. With the enhanced identification, we estimate how industries with different dollar exposures differ in expected excess returns, and find that the market charges a significantly negative risk premium on positive dollar risk exposures.
Early international asset pricing models, e.g., Solnik (1974) , Sercu (1980 ), Stulz (1981 , and Adler and Dumas (1983) , all provide explicit roles for exchange rate risk. A large stream of empirical studies have also tried to identify the market pricing of the exchange rate risk, but often with confusing results. For example, Jorion (1991) uses a sample of US firms to show that currency risk exposures vary systematically across different industries, but he does not find any significant pricing for the currency risk exposure.
Dumas and Solnik (1995) and De Santis and Gerard (1998) study the currency pricing in the framework of an international asset pricing model, where country portfolio returns are related to the return on a world portfolio and returns on several foreign currencies. In a similar framework, Carrieri, Errunza, and Majerbi (2004) study whether currency risks in emerging market are priced and whether they have spillover effects on the developed markets. A key feature of these studies is their reliance on the intertemporal variation in the expected returns of the country portfolios and the conditional covariances between these portfolio returns and the risk factors. In this paper, we argue that the currency exposures vary much more crosssectionally than intertemporally. Different types of industries have different business operations that lead to different risk exposures. By contract, as the industry classification largely stays the same over time, the risk exposure of an industry cannot vary too much over time. Therefore, it is much more efficient to identify the market pricing of risk factors based on cross-sectional variations instead of intertemporal variations.
By linking currency exposures to economic fundamentals and analyzing the currency risk premium, our research is also related to classic theoretical and empirical studies on the fundamental determination of exchange rates, e.g., Aizenman and Riera-Crichton (2007) , Dumas (1992) , Engel, Mark, and West (2007) ,
II. Data
Our analysis involves four broad data types. To study the dollar risk exposure of US firms, we build an aggregate dollar index, and we relate the dollar index return to returns on US stocks. To explore the sources of the exposure, we obtain imports and exports data on different industries. We also control our risk exposure analysis by incorporating standard market risk factors.
A. The dollar index
We relate stock returns in the US to the strength of the dollar, which we measure through a broadly Each exchange rate reveals the relative strength of two currencies. By forming a broad dollar index, we focus on the strength of dollar against a basket of other currencies. Figure 1 Table I reports the summary statistics of the monthly returns on the dollar index under R f x . The log returns have an annualized mean estimate of 4.566%, and an annualized standard deviation estimate of 4.456%. The monthly return series show a first-order autocorrelation of 0.347. The skewness and kurtosis estimates are both small. In the column under ER f x , we also report the summary statistics of the log excess return on the dollar index over the Treasury bill rate. The excess return has an annualized mean of −1.995% and an annualized standard deviation of 4.4%.
To accommodate the different trade activities and hence different currency exposures in different industries, Goldberg (2004) proposes and constructs industry-specific dollar indices. By aligning the weighting of the index for each industry with the industry's trading activities, Goldberg often finds stronger exposure estimates with the industry-specific dollar indices than with an aggregate dollar index that we use here.
Nevertheless, in this paper, our objective is not to identify strong and uniform currency exposures for all industry, in which case using the industry-specific dollar index would be more appreciate. Instead, our objective is to identify and compare the cross-sectional variations of the exposure of different industries to one common exchange rate factor, and link the cross-sectional differences in currency exposures to crosssectional differences in imports, exports, and expected stock returns. For the cross-sectional comparison to make economic sense, it is imperative for us to use one common factor rather than using a different factor for each industry.
B. Stock market risk factors
When we measure the dollar risk exposure of US stocks, we control for systematic risk factors identified from the stock market, including the excess return on the market portfolio over the Treasury bill rate (ER mkt ), and the size (SMB) and book to market (HML) risk factors identified by Fama and French (1993) .
Time series on these risk factors and the Treasury bill rates are made available on Kenneth French's online data library.
The market portfolio return is constructed as the value-weighted return on all NYSE, Amex, and Nasdaq stocks. To construct the size and book-to-market factors, Fama and French (1993) first construct six portfolios according to the rankings on market capitalizations (ME) and book-to-market equity ratios.
In June of each year, they rank all NYSE stocks from the Center for Research in Security Prices (CRSP) at the University of Chicago based on the market capitalization. Then, they use the median NYSE size to split NYSE, Amex, and Nasdaq stocks into two groups, small and big. They also break NYSE, Amex, and Nasdaq stocks into three book-to-market groups based on the breakpoints for bottom 30%, middle 40%, and top 30% of the ranked values of BM for NYSE stocks. They construct the SMB factor as the difference between the return on the portfolio of small size stocks and the return on the portfolio of large size stocks, and the HML factor as the difference between the return on the portfolio of high book-to-market stocks and the return on the portfolio of low book-to-market stocks. Table I reports the summary statistics of the three risk factors and the riskfree rate. Over our sample period, the market portfolio has an annualized excess return of 5.886% over the Treasury rate. The size and book-to-market portfolios both generate positive mean excess returns at 2.235% and 5.587%, respectively.
The Treasury rate has a sample average of 6.562% during our sample period. The excess return on the market portfolio has an annualized standard deviation of 16.327%, close to four times larger than that on the dollar index excess return. The standard deviation estimates on SML and HML are smaller at 11.812% and 11.229%, respectively. The autocorrelation estimates for returns on the stock market risk factors are all much smaller than the estimate on the dollar index returns.
C. Imports and exports
We obtain the annual US import and export data by four-digit SIC coded industries. The data from 1972 The import and export data cover manufacturing industries with the four-digit SIC code starting with either 2 or 3. There are 488 unique SIC codes in the original data set. To be included in the study, each industry must have at least three observations on the import and export measures and at least 24 monthly industry portfolio returns. We lose 86 industries because of the restrictions. The import is defined as the total of merchandize that has physically cleared through Customs either entering consumption channels immediately or entering after withdrawal for consumption from bonded warehouses under Customs custody or from Foreign Trade Zones. The export is defined as the selling price, or cost if not sold, including inland freight, insurance, and other charges to the US port of export, but excluding unconditional discounts and commissions. See Feenstra (1996, 1997) and Feenstra, Romalis, and Schott (2002) for a detailed documentation of the data. Table II reports the summary statistics of the imports (IM) and exports (EX), both in millions of dollars.
Since the observation is on a panel of 402 industries over 30 years, we summarize the behavior of the data in three different ways. In panel A, we first take the time-series average on each series and then report the cross-sectional statistics of the time-series averages. Thus, the statistics in panel A measure the crosssectional variation of the average trade quantities across different industries. In panel B, we average the trade quantities cross-sectionally at each year, and then report the time-series statistics on the average trade quantities. The statistics reflect the time-series variation of the average trade quantities in US industries.
In the panel C, we first measure the time-series statistics of each series and then report the cross-sectional average of these time-series statistics. Thus, the numbers reflect the time-series statistics of a typical industry.
Panel A shows that the average imports and exports vary greatly from one industry to another. The imports vary from 82 thousand dollars to 51.78 million dollars, and the exports vary from 168 thousand dollars to 14.99 million dollars. The cross-sectional distributions of imports and exports show large skewness and kurtosis. To obtain better distributional behaviors, we also report the statistics on the natural logarithms of the imports (ln(IM)) and exports (ln(EX)). The time-series averages of the log imports vary from −3.073 to 10.683, with a cross-sectional standard deviation of 1.869. The time-series averages of the log exports vary from −1.845 to 9.592, with a cross-sectional standard deviation of 1.853. The crosssectional distributions of the log imports and log exports are much closer to be normally distributed, with small skewness and kurtosis estimates.
In contrast to the large cross-sectional variation, panel B shows that the time-series variations of the average imports and exports are much smaller. The time-series standard deviation estimates for the crosssectional averages of log imports and log exports are at 0.877 and 0.892, respectively, less than half of the corresponding time-series standard deviation estimates. When we look at the average time-series statistics for each industry in panel C, we find that the average standard deviations estimates are even smaller at 0.381 for log imports and 0.276 for log exports.
To control for the size differences for different industries, we also compute the aggregate market capitalization (ME) for each industry. The market capitalization for each firm is computed as the shares outstanding multiplied by the share price, both of which are available from CRSP. We aggregate the market capitalization of all firms within each industry, and we normalize the imports and exports of an industry in year t by the industry's aggregate market capitalization in December of year t − 1. Table II reports the summary statistics on the logarithm of the market-capitalization normalized imports and exports under the two columns titled "ln(IM/ME)" and "ln(EX/ME))," respectively. With the normalization, the cross-sectional standard deviations become even larger at 2.237 for imports and 1.878 for exports; yet, the time-series standard deviation estimates for the cross-sectional averages in panel B become much smaller at 0.119 for imports and 0.11 for exports. The cross-sectional variation estimates are 20 times larger than the timeseries variation estimates. The cross-sectional averages of the time-series standard deviation estimates in panel C are at 0.342 for normalized imports and 0.307 for normalized exports. Both numbers are comparable to the estimates on the log imports and exports without normalization, but are much smaller than the corresponding cross-sectional standard deviation estimates.
Regardless of how we measure and scale the imports and exports quantities, we find much larger cross-sectional variation across different industries than time-series variation over different time periods.
The different magnitudes of variation along the two dimensions suggest that different industries can differ dramatically from one to another in their respective international trading activities, but that the international trading activities for a fixed industry and for the US economy as a whole are relatively stable over time.
D. Stock returns on industry portfolios
Corresponding to imports and exports for each industry defined by the four-digit SIC code, we also compute the monthly stock returns for each industry. Stock returns data are available from CRSP. We assign each stock to a four-digit SIC industry. At each year t, we use the four-digit Compustat SIC code of the stock for the fiscal year ending in calendar year t − 1. Whenever the Compustat SIC code is not available, we use the CRSP SIC code for June of year t. Then, we construct equal-weighted industry portfolios at the beginning of July of year t and rebalance the portfolios on an annual basis. To be included in an industry portfolio in year t, a stock must have return data for July of year t and market capitalization for December of year t − 1. Once we have formed the industry portfolio, we compute the monthly excess return on each portfolio, defined as the portfolio return minus the Treasury bill rate of the corresponding month.
The last column in Table II reports the summary statistics of the industry portfolio excess returns (ER).
Different from the trade data, the industry portfolio excess returns show large cross-sectional variation but even larger time-series variation. The standard deviation estimate in panel A at 5.245 reflects the standard deviation of the mean excess return or average risk premium on each industry portfolio. By contract, the standard deviation estimate in panel B at 18.802 reflects the large intertemporal variation of the market excess return over the average risk premium. The standard deviation estimate in panel C at 33.994 shows that the excess return realizations for a typical industry can differ dramatically from its mean value. Taken together, the much larger intertemporal standard deviation on the portfolio returns suggest that the large randomness in return realization can overwhelm the cross-sectional differences in risk premiums. This feature makes it inherently difficult to estimate risk premiums on different risk exposures accurately.
III. Measuring the Dollar Exposure of US Industries
To gauge how stock returns from different industries vary with the dollar index, we perform the following time-series regression on each industry portfolio i,
where ER i t denotes the time-t monthly log excess return on the i-th industry portfolio, ER f x t denotes the time-t monthly log excess return on the dollar index, ER mkt t denotes the time-t log excess return on the market portfolio, and SMB t and HML t denote the monthly return series on the size and book-to-market portfolios, respectively. Thus, the slope coefficient β f x i measures the dollar risk exposure of the i-th industry portfolio while controlling for variations in the three stock market risk factors.
We repeat this estimation for each of the 402 industries over the whole sample period from February 1973 to December 2001. Table III reports To account for potentially time-varying risk exposures, we also perform rolling window estimation on equation (1). For each industry, we repeat the estimation each year in July of each year with a rolling window of ten years. The choice of a relatively long rolling window is to cover at least a full business cycle for each rolling regression (Hoberg and Phillips (2006) ). We require that that within each ten-year rolling window, each industry have at least three annual observations on imports and exports and 24 monthly observations on industry portfolio returns. This requirement reduces the number of industries from 402 to 375. Panel B of Table III reports 
IV. Tracing Dollar Exposure to Import and Export Activities
When we regress industry portfolio returns on dollar index returns, we find that the average dollar exposure is small, but that the exposure estimates show large cross-sectional variations. These cross-sectional variations can come either from sample variation (e.g., standard errors in the coefficient estimates), or from fundamental differences in the business operations. The intertemporal stability of the rolling-window estimates suggests that the cross-sectional variation cannot come all from estimation error. The important question is then: Where does the dollar exposure difference come from?
One common conjecture in the literature is that currency exposure is linked to the openness of the economy (or firm). For example, Dominguez and Tesar (2006) use bilateral trade to proxy for the openness of an economy. We agree that the degree of openness is important for currency exposure. A totally closed economy should be little affected by exchange rate movements. However, we argue that the direction or asymmetry of the international trade is the more relevant source for exchange rate exposure. A firm that balances imports with exports can have little currency exposure regardless of the aggregate quantity of the international trade. The direction of the currency exposure depends on whether the firm is more export or import oriented.
To test our hypothesis, we regress cross-sectionally the full-sample dollar exposure estimates (β f x ) on the time-series averages of the imports and exports of the corresponding industry. We scale imports and exports by the market capitalization of the corresponding industry to control for the size effect, and we take natural logarithms on the scaled quantity to obtain better distributional behaviors. The cross-sectional regression is over 402 industries. For comparison with the literature, we also regress the dollar exposure estimates against the logarithm of the total trades scaled by the market capitalization.
The regression estimates, t-statistics, and the (adjusted and unadjusted) R-squares are reported in Table IV . When regressing the dollar exposure on total trades, we obtain a slope coefficient estimate that is not significantly different from zero and an adjusted R-square that is no greater than zero. The regression results suggests that the total trades do not explain anything about the dollar exposure. By contract, when regressing the dollar exposure on the imports and the exports separately, we obtain significantly positive slope coefficient estimate on imports and significantly negative slope coefficient estimate on exports. The adjusted R-square of the regression remains low at 1.34%, indicating that a large proportion of the dollar exposures cannot be explained by the average imports and exports activities. Nevertheless, the slope estimates are statistically significant on both imports and exports. In particular, the estimates suggest that import-oriented companies are more likely to have positive exposures to the dollar index variation whereas export-oriented companies are more likely to have negative exposures to the dollar index variation. Putting it differently, stocks of import-oriented companies tend to react positively to dollar appreciation, but stocks of export-oriented companies tend to react negatively to dollar appreciation.
We have experimented with different transformations and scaling of the imports and exports volume.
For example, we have used imports and exports without taking logarithms, and without the market capitalization scaling. These variations do not alter the qualitative results regarding the direction of the impacts of imports and exports on the dollar risk exposure, showing the robustness of the finding.
Our results make economic sense. For export-oriented companies, dollar appreciation makes their exports more costly for foreign consumers and hence reduces their sales. As traditional wisdom goes, domestic currency appreciation hurts exports. On the other hand, for import-oriented companies, dollar appreciation makes their imports less expensive and hence increases their profit margins. Our regression results reflect the different impacts of imports and exports on the currency exposure. The results support our argument that it is not the degree of openness in terms of total imports and exports that determines currency exposure; instead, it is the imbalance of international trade that generates the exposure.
When the sensitivities of dollar exposures to imports and exports are similar in absolute magnitudes, we can use the logarithm of imports-to-exports ratio, ln(IM/EX), to measure the imbalance of the international trade and directly regress the dollar exposure on the imbalance. The last two rows of Table IV report the results from such a univariate regression. The slope coefficient estimate is significantly positive, showing the informativeness of the trade imbalance measure about currency exposure. Nevertheless, the adjusted R-square of this univariate regression is lower than that from the bivariate regression. Therefore, it is beneficial to allow for different sensitivities of the dollar exposure to imports and to exports.
To analyze the time-variation of the relation between dollar exposure and import/export activities, we also perform rolling-window estimation. At each year, we regress the ten-year rolling-window estimates of the dollar exposure on the ten-year rolling averages of imports and exports. We estimate three different specifications as we have done in Table IV . Specification I regresses the dollar exposure on the logarithm of the total imports and exports normalized by market capitalization. Specification II regresses the exposure on the logarithm of the market-capitalization normalized imports and exports separately. Specification III regresses the exposure on the logarithm of the ratio of imports and exports. 
V. Linking Dollar Exposure to Expected Stock Returns
Import-and export-oriented companies have systematically different dollar risk exposures, but does the difference in dollar exposures lead to different expected excess returns on their stocks?
We estimate the risk premiums on different types of risk exposures following a procedure popularized by Fama and MacBeth (1973) . At each month t, we regress cross-sectionally the next month's excess stock portfolio returns on the time-t rolling-window estimates of the risk exposures,
where η 0 t denotes the intercept of time-t cross-sectional regression and η k t denotes the risk premium estimate for each unit of risk exposure on the k-th risk factor, with k = f x, mkt, smb, hml denoting the dollar risk, stock market portfolio, SMB, and HML risk factors, respectively. All risk exposures are estimated based on a ten-year rolling window and updated annually in July of each year. As a concrete example, monthly excess returns from July 1995 to June 1996 are all regressed on risk exposure estimates based on a ten-year window from July 1986 to June 1995.
The time-series averages of the slope estimates capture the average risk premiums charged by the stock market on each unit of risk exposure in the four risk sources. Table VI reports year rolling window. One potential reason for the low statistical significance is that the rolling-window estimation generates noisy risk exposure estimates.
To reduce the noise in the dollar risk exposure estimates and to enhance the identification of the dollar risk premium, we resort to our findings in the previous section that the dollar risk exposures are related to the imports and exports of the corresponding industries. The analysis is meant to identify the fundamental economic sources of the dollar risk exposure, but the linkage also suggests that the import and export quantities in an industry contain useful information that we can exploit to sharpen the estimation of the dollar risk exposure.
To incorporate the information in imports and exports, we propose an alternative estimation method based on the following specification,
where we regard the dollar exposure as an average of information from three sources: the original rolling window regression estimates based on stock returns β f x it , the imports, and the exports. As we have done earlier, we scale the imports and exports by the market capitalization of each industry and then take natural logarithms on the scaled quantities. In line with the rolling-window risk-exposure estimates, we also employ a ten-year rolling window in estimating the averages of the logarithm of the scaled imports and exports to be used in the regression. The imports and exports data are available annually. Corresponding to the risk exposure estimates with a rolling window from July 1986 to June 1995, for example, we use the averages of the log scaled imports and exports from year 1985 and 1994. The half year lag in timing is to make sure that the imports and exports data are available in June of 1995. Furthermore, for pure identification reasons, we normalize the weighting on β f x it to unity, and hold the weighting coefficients on imports and exports (λ IM and λ EX ) to be constant over time. We estimate the system of equations based on an iterative procedure. First, given initial guess on the two coefficients, we perform crosssectional regressions each month to obtain the risk premiums η k t . Then, we estimate the two coefficients by maximizing the likelihood of the forecasting errors from the regression, assuming that the regression errors are identical, independent, and normally distributed. The likelihood estimates on the two coefficients are 1.163 for λ IM and −1.032 for λ EX . The t-statistics for the two estimates are 11.2 and −10.64, respectively.
Both the sign and the high statistical significance confirm our earlier findings that imports relate positively to the dollar exposure and exports relate negatively to the dollar exposure.
Table VI reports the average risk premiums estimated from this approach under "II. with IM/EX."
With the enhanced identification using information from imports and exports, the time-series average of the dollar risk premium η f x t now becomes negative and statistically significant at the 10% confidence level, with a t-statistic of −1.68. Thus, through equation (3), we have not only linked the dollar exposure to fundamental international trading quantities such as imports and exports, but also exploited this linkage in sharpening the identification of the dollar risk exposure and dollar risk premium.
The negative risk premium estimate suggests that in aggregate, market participants view dollar appreciation as an adverse shock to the economy. Thus, companies with positive dollar exposures generate higher stock returns during adverse economic conditions. Investors are willing to receive a lower expected excess return to gain positive exposures to dollar appreciation so that they can hedge against adverse movements in the economy.
To understand whether the dollar risk premium shows any systematic variation over time, we apply exponential smoothing on the monthly estimates of η f x t from equation (3),
where we set the smoothing coefficient φ = 0.97, corresponding to a half life of about two years. Figure 3 plots the time series of the smoothed dollar risk premium estimates. Over the 20-year period, the dollar risk premium has become increasingly negative, showing a possibly combined effects of increasing aggregate currency exposure (Campa and Goldberg (1997) ) and increasingly investor awareness of the risk inherent in currency exposure. Furthermore, we observe that the dollar risk premium becomes more negative during the two recessions of our sample period, one in the early 90s and the other in the early 2000. Investors become more concerned about the dollar risk exposure during recessions than during expansion periods.
[ Figure 3 about here.]
Fama and French (1992) has popularized a simpler and more intuitive approach in quantifying risk premiums in terms of risk portfolios. Applying the approach to our case for the dollar risk premium, we form stock portfolios based on the rankings of the dollar risk exposure estimates. Starting from July 1983, we first estimate dollar risk exposure using a ten-year rolling window according to the two methods (with and without import/export information) delineated above. Then, we sort the industries by their dollar risk exposure estimates into five groups based on the quintile breakpoints of the dollar risk exposures. We compute the equal-weighted returns on quintile portfolios. The quintile portfolios of dollar risk exposures are rebalanced annually in July of each year. Table VII reports the time-series averages of the percentage excess returns for the quintile portfolios.
The row under "High-Low" reports the average return spreads between the top quintile (High) portfolio and the bottom quintile (Low) portfolio. The row under "FF-3 alpha" represents the intercept term from a regression of the High-Low return spread on the three Fama-French stock market factors, i.e., market, size, and book to market. This intercept term captures the portion of the dollar risk premium that cannot be explained by three stock market risk factors.
Consistent with the results in Table VI , the average dollar exposure return spreads are negative, more so when we rank the portfolios based on the enhanced dollar risk exposure estimates incorporating the information in imports and exports. Controlling for the three market risk factors does not alter the results much. The FF-3 alpha is estimated at -0.2587% without information from imports and exports, and at -0.3621% with the information from imports and exports. These estimates imply an annualized risk premium of 3-4%, an economically significant quantity.
VI. Robustness Analysis
In estimating the dollar risk exposure and risk premium from stock returns, we control for three systematic risk factors that have been identified from the stock market, i.e., the market portfolio, the size, and the book-to-market factors. One remaining question is to what extent common risk factors identified from other markets affect the dollar risk exposure and dollar risk premium estimates. Answering this question is important as it helps us to understand to what extent the identified risk premium on the dollar risk exposure is a proxy for compensation on other correlated risk factors.
As a robustness check, we examine whether the identified dollar risk exposure and risk premium can be explained by common risk factors identified from other markets. The additional risk factors that we examine include: These variables have been widely used in the literature to control for systematic variations in market conditions. The default spread measures the risk premium difference between the two rating groups charged by the corporate bond investors. The term spread represents a risk premium difference between Treasury bonds of different maturities. The log dividend-price ratio is widely received as a stock market condition indicator. Finally, the short-term Treasury bill rate often reflects fundamental economic conditions.
We repeat our analysis by controlling for the variations in these additional risk factors. Specifically, in estimating the dollar risk exposure, we expand the regression in equation (1) to include changes in the four additional variables; and in estimating the dollar risk premium in equations (2) and (3), we also include the risk exposure estimates on the four additional risk factors. Table VIII summarizes the main results from this repeated exercise. Panel A shows the results that trace dollar risk exposure estimates to imports and exports. Again, the regression of the dollar exposure on the total value of imports and exports generates a virtually zero R-square. By contract, regressing the dollar exposure on imports and exports separately generates significantly positive slope coefficient on imports and significantly negative slope coefficient on exports. Directly regressing the dollar exposure on the log import-export imbalance generates a significantly positive slope estimate, but the adjusted R-squares of the univariate regression is lower than that for the regression with imports and exports entered separately. We have also performed the rolling-window regressions as in Table V . The results are largely the same and are available upon request.
Panel B reports the results on the risk premium estimates. When we use the dollar risk exposure estimates from the stock market alone, the dollar risk premium is negative but not statistically significant.
When we also incorporate the information in imports and exports to enhance the identification of the dollar risk exposure, the risk premium becomes significantly negative. All these results are largely consistent with what we have obtained without controlling for the additional variables. Therefore, we conclude that the negative risk premium on the dollar risk exposure is not a proxy for risk premiums on credit, term, dividend, or interest rate risk.
VII. Conclusion
Economic theory suggests that the magnitude and direction of a company's currency risk exposure depends crucially on its fundamental involvement in international trade. For US industries, we find that the stock performance of import-oriented companies moves positively with the performance of the dollar, but the stock performance of export-oriented companies tends to move against the dollar. Based on this finding, we use the imports and exports information to enhance the identification of the dollar risk exposure for different industries, and analyze how each industry's expected stock return varies with its dollar risk exposure. We identify a strongly negative risk premium for bearing positive exposures to the dollar. On average, import-oriented companies generate lower stock returns. We also find that the risk premium becomes more negative during recessions than during expansions.
In contrast to traditional focus on time-series variation, our research highlights the importance of exploiting the cross-sectional variation across different firms in identifying their different currency risk exposures and the fundamental sources of the exposures. This paper relies on the cross-sectional variation of industries classified based on four-digit SIC codes, the lowest level of aggregation at which the data are available to us. One line for future research is to construct the imports and exports data and the associated characteristics at the firm level and update the data to the most recent time period. The much larger cross section at the firm level can enhance the identification of the linkage between the currency exposures and the imports and exports activities and also the identification of the currency risk premium. Furthermore, with the firm level data, one can investigate how the exposure and its relation with imports and exports vary with different currency hedging practices in the firm. A firm can presumably remove its currency exposure, even in the presence of imbalanced imports and exports activities, by hedging using currency derivatives such as currency swaps. One can analyze how different degrees of hedging practice across different firms affect their exposures whiling controlling for imports and exports activities. One can also analyze whether increased hedging over time has significantly altered the cross-sectional characteristics of the currency exposures. Another important line for future research is to build structural economic models Table II Summary statistics on the imports, exports, and stock returns
Entries report the summary statistics on the natural logarithm of imports (IM), exports (EX) and the ratio of imports and exports to the market capitalization of the corresponding industry (IM/ME, EX/ME). The last column reports the summary statistics of the monthly excess log returns on industry portfolios (ER). In the first panel, we take time-series averages on the quantities and report the cross-sectional summary statistics of the time-series averages. In the second panel, we take cross-sectional averages and report the timeseries statistics of the cross-sectional averages. The trade quantities and the market capitalization are both in millions. For the industry portfolio excess returns, the mean, median and standard deviation (Std) are in annualized percentages, the maximum and minimum are in monthly percentages. The cross-sectional statistics are over 402 industry observations. The time-series statistics are over 30 annual observations for the trade data and 360 monthly observations for the industry portfolio excess returns. 
IM

Summary statistics on the risk exposure estimates
Entries report the summary statistics on the slope estimates and their statistics of the following time-series regression on each industry portfolio,
where ER i , ER f x , ER mkt denote the monthly excess returns on the ith industry portfolio, the dollar index, and the market portfolio, respectively, and SMB and HML are the size and book-to-market risk factors. 
Average return spreads between high and low dollar risk exposure portfolios
Entries report time-series averages of percentage monthly excess returns on quintile portfolios formed based on the rankings of dollar risk exposures. The dollar risk exposure is estimated in two alternative ways. The first approach (I. Without IM/EX) estimates the exposure by regressing the excess stock returns on the dollar index returns and other market risk factors, without incorporating information from imports and exports. The second approach (II. With IM/EX) incorporates the information in imports and exports in estimating the dollar risk exposures. The row under "High-Low" reports return spreads between top and bottom quintile portfolios. The row under "FF-3 Alpha" is obtained from regressing the return spread on market, size, and book-to-market risk factors. We also report the Newey and West (1987) 
Robustness analysis
Panel A reports the estimates, t-statistics (in parentheses), and adjusted R-squares of various crosssectional regressions that link the dollar exposure estimates β f x to various combinations of exports and exports. The dollar exposure for each industry is estimated by regressing industry portfolio returns on the dollar index returns, and seven additional market risk factors including the stock market portfolio (mkt), the size factor (smb), the book-to-market equity risk factor (hml), and changes in default spread (dfl), term spread (trm), log dividend-price ratio (dpr), and the short-term Treasury bill rate (Rf). The regression is over the whole sample period from February 1973 to December 2001. The regressors are time-series averages of the imports and export variables. Each cross-sectional regression is over 402 industries. Panel B reports the time-series averages and Newey and West (1987) t-statistics (in parentheses) of monthly cross-sectional regressions that regress next month's stock returns on various risk exposure estimates. In the panel, method I uses the dollar risk exposure estimates without incorporating imports and exports information, method II incorporates the information in imports and exports in enhancing the dollar risk exposure estimates via a maximum likelihood method.
A: Tracing dollar risk exposure to imports and exports Intercept ln((IM+EX)/ME) ln(IM/ME) ln(EX/ME) ln(IM/EX) R 2 Adj. The line plots the time series of the smoothed dollar risk premium estimates. We first obtain monthly dollar risk premium estimates from cross-sectional regressions, and then apply exponential smoothing on the estimates to generate the line plot.
